Objective: To present a case series of pulmonary arteriovenous malformations (PAVMs), describing the main clinical findings, the number/location of pulmonary vascular abnormalities, the clinical complications, and the treatment administered. Methods: This was a retrospective observational study evaluating patients with PAVM divided into two groups: hereditary hemorrhagic telangiectasia (HHT); and idiopathic PAVM (iPAVM). Results: A total of 41 patients were selected for inclusion, but only 33 had PAVMs. After clinical evaluation, 27 and 6 were diagnosed with HHT and iPAVM, respectively. In the HHT group, the mean age was 49.6 years and 88.9% were female. In that group, 4 patients had an SpO 2 of < 90% and the most common clinical finding was epistaxis. In the iPAVM group, the mean age was 48.1 years and 83.3% were female. In that group, 3 patients had an SpO 2 of < 90%. Computed tomographic pulmonary angiography showed that most of the PAVMs were in the lower lobes: 56.4% in the HHT group and 85.7% in the iPAVM group. Embolization was performed in 23 patients (in both groups). At this writing, 10 patients are scheduled to undergo the procedure. One of the patients who underwent embolization was subsequently referred for pulmonary resection. Conclusions: In both of the PAVM groups, there was a predominance of women and of fistulas located in the lower lobes. Few of the patients had respiratory symptoms, and most had an SpO 2 > 90%. The treatment chosen for all patients was percutaneous transcatheter embolization.
INTRODUCTION
Pulmonary arteriovenous malformations (PAVMs) are abnormal direct connections between a pulmonary artery and a pulmonary vein, (1) presenting with a variety of clinical manifestations. A right-to-left shunt, bypassing the capillary bed, compromises oxygenation and can lead to hypoxemia. (2) Patients with PAVMs are prone to infections (including cerebral, hepatic, and splenic abscesses), as well as ischemic stroke, which are due to abnormal vascular communications bypassing the filtering capacity of the capillary bed and allowing bacteria and thrombi to pass directly from the venous to the arterial blood.
One of the most common causes of PAVM is hereditary hemorrhagic telangiectasia (HHT), (3, 4) which is also known as Osler-Weber-Rendu syndrome. An autosomal dominant disorder that is globally distributed, HHT has an estimated prevalence of 1:5,000 and is characterized by epistaxis and telangiectasia of different parts of the body, sometimes being accompanied by cerebral arteriovenous malformations (AVMs), PAVMs, gastrointestinal AVMs, or hepatic AVMs. (3) Because HHT is underdiagnosed, the etiology of bleeding often remains unknown, nasal and gastrointestinal bleeding predominating. Many patients develop anemia and receive blood transfusions but are unaware that they have AVMs that can be treated.
The diagnosis of HHT is primarily based on the International Clinical Diagnostic (Curaçao) Criteria, (1) which are clinical and radiological criteria for the diagnosis of HHT. HHT accounts for 80-95% of all PAVMs. (1, 5) When a diagnosis of HHT cannot be established, PAVMs are classified as idiopathic (iPAVMs). Pulmonary hypertension (PH) is rarely present and can be due to increased pulmonary vascular flow, hepatic AVMs, or anemia. (6) A small proportion of cases are associated with genetic abnormalities. (7, 8) In the past, PAVMs were treated surgically, the rate of complications being high. (9, 10) In 1977, Porstmann (11) performed the first catheter embolization using coils, introducing the possibility of percutaneous transcatheter embolization for the treatment of PAVMs. Because percutaneous transcatheter embolization is much less invasive than surgery, it reduces the length of hospital stay and the number of complications. Even in asymptomatic patients, PAVMs should be treated with embolization if they have a feeding artery diameter > 3 mm, in order to prevent infectious complications and strokes. (3, 12) Surgery is currently reserved for cases in which percutaneous transcatheter embolization fails, feeding artery diameter is too large, or vascular anatomy precludes treatment with embolization. (13) Lung transplantation should be reserved for exceptional cases. (4) In the present study, we sought to present a case series of PAVM patients followed at a pulmonology outpatient clinic in the city of São Paulo, Brazil, describing the main clinical findings, the number/ location of PAVMs, the clinical complications, and the treatment administered.
METHODS

Study population
This was a retrospective observational study, in which electronic medical records were reviewed for all patients referred to the Pulmonary Circulation Outpatient Clinic of the University of São Paulo Hospital das Clínicas Instituto do Coração (InCor, Heart Institute) between 2010 and 2017 for AVM evaluation. After clinical evaluation, the Curaçao Criteria (1) were used in order to confirm the diagnosis of HHT: 1) presence of epistaxis; 2) presence of telangiectasias, particularly on the lips, tongue, and fingers; 3) presence of cerebral AVMs, PAVMs, or gastrointestinal AVMs; and 4) a family history of HHT. Patients meeting at least three of the aforementioned criteria were diagnosed with definite HHT. (1, 14) The remaining patients were diagnosed with iPAVM. After clinical examination, all patients underwent chest x-ray, chest CT angiography, cranial CT angiography, transthoracic echocardiography, and SpO 2 measurement.
Percutaneous transcatheter embolization was performed with an Amplatzer ® device (AGA Medical Corporation, Golden Valley, MN, USA) or coils, depending on their availability. The InCor protocol for percutaneous transcatheter embolization includes the following: local anesthesia; cardiopulmonary monitoring; and systemic unfractionated heparin administered as a bolus of 2,500 IU per hour, approximately. The procedure is performed without antibiotic prophylaxis.
RESULTS
Clinical and demographic data
A total of 41 patients were selected for inclusion in the present study. Of those, 8 were excluded: 7 met three of the Curaçao Criteria for HHT but had no PAVMs, and 1 met only one of the Curaçao Criteria (i.e., a family history of HHT). Of the remaining 33 patients, 27 met the diagnostic criteria for HHT and 6 were classified as having iPAVM. Therefore, two groups were formed: the HHT group, comprising 27 patients, and the iPAVM group, comprising 6 patients ( Figure 1 ).
Demographic data had been collected at the first outpatient visit. In the HHT group, the mean age was 49.6 ± 16.9 years and females predominated (n = 24). Of the 27 patients in the HHT group, 24 (89.0%) had telangiectasias, predominantly on the lips and tongue ( Figure 2) . None of the patients had digital clubbing. In the initial evaluation, 5 patients (18.5%) had dyspnea. Of those, 4 were functional class II and 1 was functional class III. Of the 5 HHT patients who presented with dyspnea, 4 had an SpO 2 of < 90% (mean, 84.5%; range, 78.0-89.0%) and 1 had an SpO 2 > 90%. Another 2 patients had an SpO 2 of < 90% but no respiratory symptoms. The most common clinical finding in the HHT group was epistaxis (in 100%). None of the patients in the group reported hemoptysis. Cranial CT angiography revealed cerebral AVMs in only 2 (7%) of the patients in the HHT group. None of the patients had a history of gastrointestinal bleeding.
In the iPAVM group, the mean age was 48.1 ± 17.3 years and females predominated (n = 5). Of the 6 patients in the group, 4 had dyspnea. Of those, 2 were functional class II, 1 was functional class III, and 1 was functional class IV. Of the 4 iPAVM patients who presented with dyspnea, 3 had an SpO 2 of < 90% (mean, 83.0%; range, 77.0-89.0%). One patient had an SpO 2 of < 90% but reported no dyspnea, and 2 had an SpO 2 > 90% and no respiratory symptoms ( Table 1) . None of the patients in the group had recurrent epistaxis. Echocardiography, chest CT angiography, and cranial CT angiography A total of 25 patients (83.3%) underwent echocardiography. One patient (in the HHT group) was suspected of having PH. The patient in question underwent echocardiography twice, pulmonary artery systolic pressure being above the reference value on both examinations (48 mmHg and 53 mmHg). A total of 7 patients underwent microbubble contrast-enhanced echocardiography. In all 7, the microbubble contrast agent passed from the right to the left side of the heart after the third cycle, the presence of intrapulmonary shunt therefore being confirmed. Shortly after being examined, 1 patient experienced visual disturbance and headache lasting approximately 1 h, with good clinical progression. Two patients had cerebral AVMs.
Chest CT angiography showed 101 PAVMs in the HHT group and 7 in the iPAVM group. Of the 101 PAVMs observed in the HHT group, 14 (13.8%) were located in the right upper lobe, 15 (14.8%) were located in the middle lobe, 35 (34.6%) were located in the right lower lobe, 5 (4.9%) were located in the left upper lobe, 11 (10.8%) were located in the lingula, and 22 (21.7%) were located in the left lower lobe ( Figure  3A ). Of the 7 PAVMs observed in the iPAVM group, 1 (14.2%) was located in the right upper lobe, 3 (42.9%) were located in the right lower lobe, and 3 (42.9%) were located in the left lower lobe. Of the 6 patients in the iPAVM group, 5 had 1 PAVM and 1 had two ( Table 1) . As can be seen in Figure 3B , the lower lobes were more commonly affected than the upper lobes in the HHT group (56.4% vs. 43.6%) and in the iPAVM group (85.7% vs. 14.2%).
Complications
All patients were evaluated for complications of PAVMs. One patient had cerebral, subphrenic, and psoas abscesses. Hemothorax and pleural empyema were found in 2 patients from the same family, and bacterial endocarditis was found in 1 patient.
Treatment
Embolization
All patients who underwent embolization had PAVMs with a feeding artery diameter of ≤ 20 mm (Figures 4 and 5), Amplatzer ® devices and coils being used depending on their availability. Of the 27 patients in the HHT group, 8 (30.7%) required two or more embolization procedures for the treatment of PAVMs, 10 underwent one procedure, and 9 were scheduled to undergo treatment at this writing (1 having undergone one procedure in another country). In the iPAVM group, embolization was successful in 4 patients, their SpO 2 having improved. One patient had a complex PAVM and underwent three embolization procedures. All three were unsuccessful, the patient therefore being referred for pulmonary lobectomy. At this writing, 1 patient was scheduled to undergo treatment. No serious complications occurred during the procedures, and only 2 patients experienced pleuritic chest pain 48 h after the procedure, improving with the use of analgesics.
Post-treatment follow-up
All patients were followed at the Pulmonary Circulation Outpatient Clinic of the InCor and evaluated three months after the procedure, at which time the need for another embolization procedure was assessed. After completing the treatment, patients underwent annual clinical evaluations. At this writing, there were no deaths among the study population.
DISCUSSION
It is known that PAVMs can cause serious complications, such as stroke and brain abscess, as well as massive hemorrhage. To our knowledge, ours is the first study in Latin America to report a large number of PAVM cases of varying etiologies. (15, 16) Females predominated in the two study groups. Patients with HHT were more symptomatic than those with iPAVM, as well as having more PAVMs. For all patients, the initial treatment was percutaneous transcatheter embolization with coils or Amplatzer ® devices.
Of the 41 patients selected for inclusion, 33 had PAVMs. Of those, 27 (87%) and 6 (13%) were diagnosed with HHT and iPAVM, respectively. This constitutes evidence that HHT is the primary cause of PAVMs, as reported elsewhere. (1, 4) HHT is a hereditary vascular disorder whose primary symptom is epistaxis, seen in more than 90% of patients. (13) The fact that 100% of the HHT patients in the present study reported epistaxis is evidence that recurrent epistaxis is an important feature of HHT. In contrast, none of the iPAVM patients in the present study reported epistaxis. Therefore, findings of PAVM and recurrent epistaxis should raise the suspicion of HHT.
With regard to hypoxemia, an SpO 2 of < 90% was found in 15% of the HHT patients and in 66% of the iPAVM patients in the present study. This finding is important when PAVM cases of varying etiologies are compared, because the number of PAVMs at diagnosis and treatment initiation is highest in patients with HHT.
(1) One possible explanation for our finding of a much lower proportion of patients with an SpO 2 of < 4/7 90% in the HHT group is that, although patients with HHT present with more PAVMs than do those with iPAVM, pulmonary shunt is more severe in the latter.
In the present study, PAVMs were predominantly located in the lower lobes, a finding that is consistent with those of another study.
(1) This finding suggests that there was no significant relationship between PAVM location and the fact that the proportion of patients with hypoxemia was higher in the iPAVM group than in the HHT group. It is of note that the patients who had reduced SpO 2 levels were mildly symptomatic and had dyspnea on exertion only; this might be due to an adaptive response to hypoxemia (i.e., acclimatization). (17, 18) It has been reported that 10-20% of patients with HHT have cerebral AVMs. (13) Patients with HHT should be screened for cerebral AVMs because of the risk of serious complications such as bleeding, with an estimated risk of 0.5% per year. (3) In the present study, cerebral AVMs were found in 2 patients (7%). This is probably due to the fact that magnetic resonance imaging of the brain and cerebral arteriography were not performed, cranial CT angiography being the only examination performed.
Of the 27 patients with HHT in the present study, 2 (7.4%) had infectious complications: brain abscess, in 1, and bacterial endocarditis (occurring within 1 year after percutaneous transcatheter embolization), in 1. The aforementioned patient and another from the same family had pleural empyema. In order to prevent infections, patients with PAVMs should receive antibiotic prophylaxis for dental procedures. (13) It is extremely important to screen HHT patients for infectious complications, which in some cases are the first manifestations of HHT, appearing before the diagnosis of PAVM is made. (6) Another finding in patients with HHT is PH, which can be due to hepatic AVMs, (19) anemia, increased pulmonary vascular flow, or genetic abnormalities, the last of the four affecting the ENG gene on chromosome 9 or the ACVRL1 gene on chromosome 12. (20) In the present study, PH was suspected in 1 patient (3.7%), who underwent echocardiography twice and had no anemia. No right heart catheterization was performed to confirm the diagnosis of PH.
Transcatheter embolization is the best treatment option for patients with PAVMs, including asymptomatic patients. (21) It is an important treatment option because it improves hypoxemia and prevents ischemic stroke and infectious complications caused by right-to-left shunt. (22) (23) (24) Percutaneous transcatheter embolization is currently the most widely used treatment for AVMs in patients with HHT and in those with iPAVMs. (1) Multiple PAVMs can be treated during a single procedure; however, in patients with many PAVMs and in those with several complex PAVMs, it is best to perform several embolization procedures on different days. (13) In the present study, 30.7% of the patients underwent two or more embolization procedures on separate occasions, at least three weeks apart. Complications included pleuritic chest pain 48 h after the procedure in 2 patients (6.25%), who improved with pharmacological treatment. Pleuritic chest pain is considered a benign complication, occurring in 10% of cases; it is a transient complication, being associated with diffuse or peripheral PAVMs. (25) Major complications include pulmonary infarction, device migration, gas embolism, transient angina, cardiac arrhythmia, and pneumothorax, which have been reported to occur in approximately 1% of cases when treatment is performed at experienced centers. (13) Contraindications to percutaneous embolization include pregnancy, PH, and kidney failure. (26) However, in some cases, the benefits outweigh the risks, and the decision to perform the procedure should be made on a case-by-case basis. (27) At this writing, 1 patient with PH was under evaluation for possible embolization, an interventional radiology team being involved in the decision-making process.
A follow-up evaluation should be carried out 3-6 months after the embolization procedure, consisting of clinical examination and imaging (e.g., a chest X-ray). (6) Although SpO 2 increases shortly after the procedure, a reduction in PAVM sac size and complete resolution of the PAVM occur within 6 months. (23, 28, 29) There is no consensus regarding when CT angiography should be performed again. (6) Surgical resection is reserved for complex cases (13) or cases in which embolization is unsuccessful. Of the 33 PAVM patients in the present study, only 1 was referred for surgical resection (after three failed embolization procedures).
The limitations of the present study include its retrospective design at a single institution (a pulmonary circulation outpatient clinic) and the fact that the number of patients in each group was markedly different, precluding a straightforward between-group comparison. Despite variations in the diagnosis, treatment, and follow-up of PAVMs, the best option for patients with PAVMs is to be followed by a multidisciplinary team at a specialized center. (17, 27, 30, 31) In summary, females predominated in our study, as did PAVMs located in the lower lobes. Few clinical complications were encountered. The majority of patients with HHT had multiple PAVMs and epistaxis, as well as having no respiratory symptoms or hypoxemia. The majority of patients with iPAVMs had only one PAVM, as well as having dyspnea and hypoxemia. In all cases, the initial treatment was percutaneous transcatheter embolization. 
